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The U.S. Army Special Operations Command is developing a 
replacement communications base station known as the Joint Base 
Station Variant 1 (JBS VI). The JBS (VI) incorporates an automation 
subsystem not found in predecessor systems. The introduction of the 
automation subsystem raised concerns about its impact on the military 
occupational specialty (MOS) and quantity of base station operators. 
Task analysis and modeling using the Improved Performance Research 
Integration Tool (IMPRINT) were conducted to assess skill 
requirements, workload, and mission performance to assist in 
determining the appropriate quantity and MOS of JBS (VI) operators. 
The outcome of the analysis predicts that one Special Forces 
Communications Sergeant MOS 18E, one Record Telecommunications 
Operator MOS 74C, and one Information Systems Operator-Analyst 
MOS 74B are an appropriate skill mix to successfully operate the JBS 
(VI) during a 12-hour shift. With the implementation of this crew 
complement plus one 18E supervisor, it would be possible for the 
Base Station Section of the Special Forces Battalion Signal Detachment 
to be reduced from the current total number of eight to seven 
personnel. 



ACKNOWLEDGMENTS 

Appreciation is expressed to Mr. Bill George, U.S. Special Operations Command, and 

Mr. John Dade, Naval Air Warfare Center-Aircraft Division, for sponsoring the analysis. 

HI 



CONTENTS 

BACKGROUND  3 

PURPOSE  5 

MANPOWER AND PERSONNEL CONSIDERATIONS  5 

ANALYTICAL TOOL  7 

MODEL DEVELOPMENT  8 

MODEL ASSUMPTIONS    12 

MODEL OUTPUT  13 

Overall Mission Segment Time  13 
Operations Activity  *4 
Workload  14 

Task Accuracy  20 
MOS and Personnel Characteristics  21 

SUMMARY AND CONCLUSIONS    24 

RECOMMENDATIONS  25 

REFERENCES  27 

APPENDICES 

A. 74B Information Systems Operator-Analyst AR 611-201 Skills and 
Knowledge  29 

B. Function and Task Flow Diagrams for the Four JBS VI Missions  33 
C. Task Time, Accuracy, Workload, and MOS Data for the Four JBS VI 

Missions  *5 

DISTRIBUTION LIST  61 

REPORT DOCUMENTATION PAGE  69 

FIGURES 

1. JBS (VI) Vehicular Configuration  4 
2. JBS (VI) Transit Case Configuration  4 
3. Overall Workload for the Setup Mission Segment  15 



4. Overall Workload for the Programming Mission Segment  15 
5. Workload for a "Slice" of the Operations Mission  16 

6. Overall Workload for the Tear-Down Mission Segment  16 
7. Detailed Workload Profile for 18E for Programming  17 

8. Detailed Workload Profile for 74B for Programming  17 
9. Detailed Workload Profile for 18E Operations  lg 

10. Detailed Workload Profile for 74C for Operations  18 
11. Detailed Workload Profile for 74B for Operations  I9 

TABLES 

1. MOSs for Current Base Station Section        6 
2. Proposed Base Station Section        6 

3. Functions and Tasks for the Four Missions: Setup, Programming, 
Operations, and Tear-Down  ^ 

4. Workload scales in MANPRINT  12 

5. Average Predicted Mission Time in Hours and Minutes  13 
6. Average Programming Error Rates for the Two MOSs  20 
7. Average Operations Error Rates for the Three MOSs  21 
8. AVSAB Area and Cutoff Scores for the Three MOSs Modeled  22 
9. Average, or Mean, Performance Times and Ranges for the Programming 

Functions for the 74B and for the 18E and 74C When Performing 74B Tasks  . 23 
10. Operations Mission Error Rates for the Overall Mission and for Specific 

Tasks for the 74B and for the 18E and 74C when Performing 74B Tasks  24 



JOINT BASE STATION VARIANT 1 
MOS-WORKLOAD-SKILL REQUIREMENTS ANALYSIS 

BACKGROUND 

The U.S. Army Special Operations Command (USASOC) is developing a transportable 

base station. This developmental effort is part of a Special Operations Joint Base Station (JBS) 

umbrella program to build three variations to meet the separate needs of the Army, Navy, and 

Air Force Special Operations Forces components. The Army variation, referred to as the JBS 

Variant 1 (VI), is intended to provide continuous long range communications between Army 

Special Forces Operational Bases and deployed operational detachments. 

The technology in the base stations currently used by Army Special Operations Forces is 

obsolete, resulting in systems that are unreliable, large, and difficult to transport. The current 

systems are manpower intensive with a propensity for inducing operator errors and are 

logistically insupportable. Current base stations are not capable of seamless access and 

interoperability with emerging battlefield digital networks and communications systems as 

mandated by the U.S. Special Operations Command (USSOCOM) joint C4I architecture. 

The JBS (VI) design is intended to provide a modernized capability that will not only 

provide communications between the Special Forces base station and deployed operational 

detachments operating in remote locations but will also provide a seamless interface with other 

communications systems linking the digitized battlefield. 

The JBS (VI) vehicular configuration is an integrated system of modular components 

installed in a communications shelter. The communications shelter is mounted on a fifth wheel 

trailer with extendable tent shelter and built-in generators. Inside the shelter are radio 

communications and automation subsystems and ancillary devices that provide secure and 

nonsecure voice, facsimile, and data communications (see Figure 1). The subsystems can be 

removed from the shelter racks and be installed in two-man lift transit cases for deployment at 

semi-permanent locations as shown in Figure 2. The automation subsystem, which does not 

exist in the currently fielded systems, will enhance the JBS (VI) capability. The automation 

subsystem provides a password-protected multitasking workstation with full network planning 

and control functions. It provides a capability to automate the real-time management of seven 

communication nets and to network the base station with the operational detachments and other 

units on the digitized battlefield. 



Figure 1. JBS(Vl) vehicular configuration. 

Figure 2. JBS (VI) transit case configuration. 

The incorporation of automation in the design of the JBS (VI) significantly impacts 

human factors engineering, manpower, personnel, and training considerations. Of immediate 

concern is whether the automation subsystem and associated network management tasks will 

require a change in the military occupational specialty (MOS) and quantity of base station 



operators. Maintenance personnel are not a concern at this time because sufficient numbers with 
appropriate skills are believed to be available to maintain the automation subsystem. In response 
to the concern for the impact on operators, the Program Manager funded the Human Research 
and Engineering Directorate (HRED) of the U.S. Army Research Laboratory (ARL) to assess 

operator MOS, workload, and skill requirements for the new system. 

PURPOSE 

Modeling and analysis were conducted to assess workload and skill requirements to help 

determine the quantity and MOS of operators for the JBS (VI). This report describes the 

modeling and analytical process and its outcome. 

MANPOWER AND PERSONNEL CONSIDERATIONS 

Table 1 shows the current force structure for the base station section of the Special 

Forces Battalion Signal Detachment. The principal operators of the current base station are the 

Special Forces Communications Sergeant (SF COMM SGT), 18E and the Record 
Telecommunications Operator (REC TCC OPR), 74C. The 18E operates all radio communications 

equipment to transmit and receive radio messages in voice, continuous wave (CW), and burst radio 
nets including communications security (COMSEC) devices. The 74C performs the record 
telecommunications and message center functions, including record management, distribution, and 

preventive maintenance checks and services on the vehicle and power generators. In most 
situations, the base station is operated 24 hours per day on two 12-hour shifts. One 18E and two 
74Cs usually staff the base station. The operators are supervised by the Communications Chief 

and REC TCC Supervisor. 

Neither the 18E nor the 74C has the training or the on-the-job experience to operate the 

automation subsystem proposed for the JBS (VI). A review of Army MOSs in Army 
Regulation (AR) 611-201 (Department of the Army, 1995) revealed that a 74B is trained in the 
standard skills and knowledge required to perform the tasks associated with the automation 
subsystem (see Appendix A). The 74B, whose job title is Information System Operator- 
Analyst, operates multi-user information processing systems and performs analyst and system 

administrator functions. 

Table 2 shows a proposed base station section staffing to support the JBS (VI). Because 
the automation subsystem simplifies or eliminates many 74C tasks, it is proposed that the 74C 



E6 and E5 positions found previously in the base station section be eliminated and replaced by 

two 74Bs. Because of the reduction in the number of 74C positions, it is also proposed that the 

74C E7 supervisor be eliminated. The previous Communications Chief now becomes the Base 

Station Section Noncommissioned Officer in Charge (NCOIC). It is envisioned that one 18E, one 

74C, and one 74B will operate the JBS (VI) during each 12-hour shift. 

Table 1 

MOSs for Current Base Station Section 

Title 

COMMUNICATIONS CHIEF 
REC TCC SUPV 
SF COMM SGT 
REC TCC SHIFT SUPV 
REC TCC SR OPR 
REC TCC OPR 
REC TCC OPR 

Grade MOS Qty 

E7 18E40 1 
E7 74C4S 1 
E6 18E30 2 
E6 74C3S 1 
E5 74C2S 1 
E4 74C1S 1 
E3 74C1S 1 

TOTAL 8 

Table 2 

Proposed Base Station Section 

Title 

SECTION NCOIC 
COMM SUPERVISOR 
REC TCC OPR 
INFO SYS OP-ANAL 

Grade MOS Qty 

E7 18E40 1 
E6 18E30 2 
El-4 74C1S 2 
El-4 74B1S 2 

TOTAL 7 



ANALYTICAL TOOL 

The Improved Performance Research Integration Tool (IMPRINT) is a stochastic 

network modeling tool designed to help assess the interaction of soldier and system performance. 

IMPRINT is the successor to the Hardware Versus Manpower III (HARDMAN III) suite of 

nine separate tools. In IMPRINT, all nine HARDMAN III tools are integrated in a Windows 

environment. Both IMPRINT and HARDMAN III are Army-owned software products 

developed by ARL. The portions of IMPRINT used on the JBS (VI) study (task network 

modeling, workload analysis, and personnel characteristics analysis) were verified, validated, and 

accredited (VV&A) in January 1995 (Allender et al., 1995). 

In IMPRINT, task analysis is used as a starting point to assess the interaction of soldier 

and system performance. The basic task analysis is used to construct a network that represents 

the flow of activity during a mission. The network consists of the functions and tasks required 

to operate or maintain the system. Each network can include multiple simultaneous networks, 

nested networks, and probabilistic branching logic. The JBS (VI) task analysis and networks are 

described in the next section, Model Development. 

When the model is run, time and accuracy performance data for the individual tasks are 

aggregated to provide an estimate of system-level performance. One advantage of IMPRINT is 

that it allows the model to be run a number of times; each run represents a different sample of 

performance data. Results from the simulation model are reported in terms of mission, function, 

and task time and accuracy. The results can be compared to any pre-determined criteria in order 

to examine whether results were within the accepted levels of performance. 

In addition to the time and accuracy information, estimates of workload can be associated 

with each task. When the model is run, the task workload is tallied. In this way, a mission 

workload profile for each crew member is generated so that workload distribution, peaks, and 

valleys can be examined. 

Also, using embedded algorithms, IMPRINT enables the modeling of various effects such 

as personnel characteristics (e.g., aptitudes, skill levels) and frequency of training (i.e., 

sustainment training) on task and function performance and on overall system performance. 

When selected, the algorithms adjust the expected task times and accuracy, with the degree of 

adjustment depending on the type of task. For example, increasing the Armed Services 

Vocational Aptitude Battery (AVSAB) aptitude area cutoff score will have a greater effect on a 

cognitive task (e.g., recall) than on a gross motor task (e.g., button actuation). The analyst can 



then conduct performance trade-offs by examining how sensitive mission performance is to 

changes in levels of personnel characteristics, training frequency, and so forth. 

For JBS (VI), IMPRINT was used to assist in determining if a crew of three (one 18E, 

one 74C, and one 74B) could successfully operate the proposed base station during a 12-hour 

shift. Task, function, mission performance, crew workload, and the effects of personnel 

characteristics were examined. 

MODEL DEVELOPMENT 

The initial step in using IMPRINT is to develop a model representing system operation 

and performance. JBS system operation consists of four mission segments: "setup," 

programming, operation, and "tear-down." Each mission segment further consists of functions 

and tasks as shown in Table 3. The combat developer and program manager determined that one 

function in each of the setup and tear-down missions (transit case setup and tear-down) and two 

of the functions within the operation mission segment (transit case mode and automated mode) 

need not be modeled. The transit case functions were not modeled because operation in the 

transit case mode is not significantly different from shelter operation and transit case setup and 

tear-down were not of priority concern at this time. The automated mode of operation was not 

modeled because, in this mode, some 74C tasks are not performed. In order to assess "worst 

case" workload, only system operation in the manual mode was modeled. 

Special Forces soldiers experienced in base station operations assisted in developing 

function and task flow diagrams (see Appendix B) and provided performance data for the model 

by assigning estimated time, accuracy, and workload to each task. All performance data were 

estimated with the assumption that tasks were performed by average soldiers who were trained 

and experienced with the system. The time, accuracy, and workload data assigned to each task 

are shown in Appendix C. 

The first step in estimating performance data was to assign operators to tasks. The 18E, 

74C, or 74B, as applicable, was assigned responsibility for performing a task. When necessary, 

as in the task of "setting up" the tent extension, multiple operators were assigned to a task. The 

74B is a relatively new MOS and is not yet included in the IMPRINT database; however, the 

predecessor MOS, the 74F MOS, is. Because all critical data (i.e., AVSAB area and cutoff score) 

for the two MOSs are the same from an IMPRINT perspective, the decision was made to run the 

model using the 74F but to use 74B label. 



Table 3 

Functions and Tasks for the Four Missions: Setup, 
Programming, Operations, and Tear-Down 

Mission Functions 

Setup 
Shelter setup 

General system setup 

Programming 

Transit case setup 

Configure CGS 100 

Configure audio monitoring 

Program radio parameters 

Program automatic data controller 

Tasks 

Position trailer on site 
Disconnect and level pack horse 
Ground system 
Connect power cables 
"Set up" tent extensions 
Set up camouflage nets 
Run pre-operational checks on ECUs and generator 
"Power up" generator 
Power up ECUs 
Remote terminal equipment into tent 
Perform "powerup" procedures 
Perform built-in tests 
Remote and power RCCs 
Erect HF antenna #1 
Erect HF antenna #2 
Erect HF antenna #3 
Erect HF antenna #4 
Erect HF LPI/D antenna 
Erect UHF TACSAT antenna #1 
Erect UHF TACSAT antenna #2 
Erect VHF/FM antenna 
Perform operational checks 
(not modeled here) 

Perform station setup 
Create a configuration set 
Select routing methods 
Select and configure routing devices 
Create RI routing tables 
Create PLA/RI database 
Set up networking 
Create user accounts 
Select mode of operation 
Select audio or data mode 
Program RCC number 
Enable or disable intercom 
Configure RCC data port 
Program HF radios 
Program SINCGARS radio 
Program UHF TACSAT radio 
Program HF LPI/D system 
Configure input-output directories 
Select configuration parameters 



Table 3 (continued) 

Operations 
Checks/services 

Radio communications 

Perform PMCS shelter 
Perform PMCS ECU and generators 
Perform PMCS on communications equipment 
Perform PMCS packhorse trailer 
Perform PMCS on automation 
Monitor power 
Listen for incoming voice 
Listen for incoming IMC traffic 
Respond to incoming voice 
Route incoming voice traffic 
Initiate voice call to ODA 
Recognize incoming IMC traffic 
Copy incoming IMC traffic 
Identification 
Isolation 
Resolution 
Monitor incoming message traffic 
Print incoming message traffic 
Make disk copy of incoming 
Place incoming message traffic into distribution 
Log outgoing message 
Load message into PC 

Automation and network management    "Back up" and log files 
Add new addresses 
Establish user privileges 
Change (establish) user privileges 
Automation identification 
Automation isolation 
Automation resolution 
(not modeled here) 
(not modeled here) 

Message center 

Transit case mode 
Automated mode 

Tear-Down 
General system tear-down 

Shelter tear-down 

Transit case tear-down 

"Zeroize" (i.e., remove or eliminate the communications 
security key from a crypto device or other COMSEC 
equipment) COMSEC equipment, as required 

Print log,archive; as required 
"Power down" system,subsystems 
Power down ECU and generator 
Disconnect antenna, power cables 
Disassemble, stow antennas 
Disconnect, package RCCs 
Disconnect, stow terminal equipment 
Dismantle camouflage nets 
Dismantle tent extensions 
Disconnect power cables 
Remove, package grounding 
Reconnect packhorse 
(not modeled here) 

CGS = Communications Gateway System 
COMSEC      = communications security 
ECU = environmental control system 
HF = high frequency 
IMC = international Morse Code 
LPI/D = low probability of interception/detection 
ODA = Operational Detachment "A" 
PC = personal computer 

PLA/RI = plain language addresses/routing indicators 
PMCS = preventive maintenance checks and services 
RCC = remote control console 
SINCGARS = single channel ground and airborne radio system 
TACSAT = tactical satellite 
UHF = ultra high frequency 
VHF/FM = very high frequency/frequency modulation 

10 



The average or mean time to perform each task and an associated standard deviation were 

assigned. The standard deviation is used in IMPRINT to generate a distribution of performance 

times that includes the fastest and slowest possible times. The mean accuracy and an associated 

standard deviation were also provided for each task. The mean accuracy and standard deviation 

are related to the difficulty and complexity of a task, with the standard deviation being used to 

generate a distribution of highest and lowest expected accuracy. For example, the average 

accuracy with which a fault in the automation subsystem can be detected is 97% with a standard 

deviation of 1%, but the average accuracy to identify the cause of the fault is 90% with a 

standard deviation of 3 %. 

In addition to the accuracy mean and standard deviation, an accuracy standard was also 

provided for each task. The accuracy standard is expressed in percent and is the lowest 

acceptable level at which a task can be performed without having some negative consequence. A 

consequence of unacceptable performance could range from having to repeat the task to causing a 

mission failure, as the case may be. Accuracy standards were assigned on the basis of how 

critical the task is to mission success. For example, the standard for the task of "powering up" 

the generator is 100%. If the generator is not operational, the base station is totally inoperable. 

The standard for positioning the trailer, however, is only 50% because the position of the trailer 

is not critical to successful system operation. 

Using these three pieces of information (accuracy mean, standard, and standard 

deviation), a probability of success is generated for each task. Basically, the probability of 

success is the likelihood that the accuracy standard can be achieved. If the standard is higher than 

the accuracy mean, the probability of success will be low; and if the standard is lower than the 

mean, the probability of success will be high. As a result, the probability of success for starting 

the generator is virtually 100% because it is a simple on-off switch operation, and average 

accuracy performance is high. On the other hand, the probability of success for isolating or 

identifying the cause of a fault in the automation subsystem, which is more difficult, is only 

about 90%. 

Workload estimates were assigned to each task using the rating scales shown in Table 4. 

In order to run the operations mission segment of the model, branching probabilities were 

assigned to the parallel tasks within the radio communications, message center, and automation 

and network management functions. The branching probability was used to control the 

frequency with which the model would run through each path and was assigned based on how 

often tasks occur during typical base station operations. 

11 



Table 4 

Workload Scales in IMPRINT 

Scale 
value Descriptors 

Visual 
1. o Visually register/detect (detect occurrence of image) 
3.7 Visually discriminate (detect visual differences) 
4.0 Visually inspect/check (discrete inspection/static condition) 
5.0 Visually locate/align (selective orientation) 
5.4 Visually track/follow (maintain orientation) 
5.9 Visually read (symbol) 
7.0 Visually scan/search/monitor (continuous/serial inspection, multiple conditions) 

Auditory 
1.0 Detect/register sound (detect occurrence of sound) 
2.0 Orient to sound (general orientation/attention) 
4.2 Orient to sound (selective orientation/attention) 
4.3 Verify auditory feedback (detect occurrence of anticipated sound) 
4.9 Interpret semantic content (speech) 
6.6 Discriminate sound characteristics (detect auditory differences) 
7.0 Interpret sound patterns (pulse rates, etc.) 

Cognitive 
1.0 Automatic (simple association) 
1.2 Sign/signal recognition 
3.7 Alternative selection 
4.6 Encoding/decoding, recall 
5.3 Formulation of plans (projecting action sequence, etc.) 
6.8 Evaluation (consider several aspects in reaching judgment) 
7.0 Estimation, calculation, conversion 

Psychomotor 
1.0 Speech 
2.2 Discrete actuation (button, toggle, trigger) 
2.6 Continuous adjustive (flight control, sensor control) 
4.6 Manipulative 
5.8 Discrete adjustive (rotary, vertical thumbwheel, lever position) 
6.5 Symbolic production (writing) 
7.0 Serial discrete manipulation (keyboard entries) 

MODEL ASSUMPTIONS 

The following conditions were established while developing the model and setting 

prerequisites for running the model. 

1. A 12-hour shift was modeled. 

12 



2. Radio and message traffic was evenly distributed over the 12-hour shift. Although 

peaks and lulls in communications are more realistic, an even distribution was viewed by the 

Special Forces subject matter experts (SMEs) to be acceptable for the purpose of this analysis. 

3. No time constraints were placed on the completion of tasks. The only system 

requirement is that the JBS be established within 21 man-hours. 

MODEL OUTPUT 

Once each task network was fully developed and all the required task data were entered, 

each of the mission segment models was executed from 10 to 500 times in order to obtain 

representative sampling of task time, accuracy, and workload data. The setup, programming, and 

tear-down mission segment models were run 500 times each. Since the operations mission 

segment model was structured so that individual tasks repeated a large number of times, it was 

run only 10 times. The outcome of these mission replications is as follows. 

Overall Mission Segment Time 

The average predicted time for each mission segment is shown in Table 5. Note that since 

the operations mission segment was modeled as a 12-hour shift and the model did not allow tasks 

to be started that could not be completed during the shift, the missions never ran longer than 12 

hours. 

Table 5 

Average Predicted Mission Time in Hours and Minutes 

Mission Average predicted time 

Setup 3:48 
Programming 3:32 
Operations 11:47 
Tear-Down 2:46 

The only time constraint established in the Operational Requirements Document (ORD) for 

the JBS (VI) system is that it be capable of setup within a total of 21 man-hours. The predicted 

setup time achieved using the three-person crew is well within the 21-man-hour time constraint. 

13 



Since all the models include task time and accuracy variability, ranges of predicted times 

were obtained for all the mission segments. The range for the operations mission segment is 

small, of course, because of the 12-hour shift constraint. The ranges are also small for the setup 

and tear-down mission segments; however, for the programming mission segment, there is quite a 

wide range of times. The programming times vary from a minimum of 2 hours and 44 minutes to 

a maximum of 4 hours and 40 minutes. The shortest time represents the fastest and most 

accurate performance possible, and the longest time represents a possible "worst case," with 

many of the tasks having to be repeated because they were not performed accurately enough. 

Operations Activity 

The average frequency with which tasks occur during the operations mission segment for 

a 12-hour shift (based on 10 model runs) is as follows: 

Incoming voice communications 101.1 
Outgoing voice communications 34.1 
Incoming international Morse code (IMC) 1 -3 
Incoming digital messages 24.00 
Outgoing digital messages 38.00 
Troubleshooting 1-5 
Adding new addresses or changing user privileges 3.6 

The frequency of tasks shown here is an outcome resulting from the probability of 

occurrence assigned to the functions and tasks branches of the operations mission segment. In 

the opinion of the Special Forces SMEs, this represents a fairly realistic level of activity for a 

typical base station. 

Workload 

Workload for all the mission segments appears to be manageable. Overall workload for 

each task was calculated by adding the four individual workload scale ratings. The overall task 

workload for each of the three MOSs across each of the four missions segments is shown in 

Figures 3 through 6. During setup, work activity for the 18E is constant throughout erecting the 

shelter and system antennas. Work activity for the 74C is fairly constant, with some lulls while 

the 18E is grounding the equipment, and so forth. The 74B participates early in erecting the 

shelter but then has no further tasks. During programming, the 74B works constantly throughout 

14 



the mission segment, whereas the 18E works steadily until about the last 20 minutes when 

workload stops completely. This may point to a potential for task reallocation to reduce 

programming time. 
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Overall Workload for the First Hour of Operations 
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Figure 5. Workload for a "slice" of the operations mission segment. 

Overall Workload for Tear-Down 
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Figure 6. Overall workload for the tear-down mission segment. 

Since tasks repeat many times throughout the operations mission segment, a 

representative "slice" that includes the initial preventive maintenance, checks, and services and 

the first system "backup," was selected for the workload evaluation. The 18E is busy 

throughout because radio communications are the predominant activity. On the other hand, the 

74C and 74B experience peaks and valleys. Workload is fairly evenly distributed during tear- 

down. 
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Looking at the workload at a more detailed level for the programming and operations 

missions sheds some light on what types of tasks are driving the workload for the different JBS 

(VI) crew positions (see Figures 7 through 10). The task workload ratings were graphed for each 

of the individual scales: visual, auditory, cognitive, and psychomotor. The workload on each 

scale run from 0 to 7. If one task is performed at a time, the maximum workload on each scale is 

7; however, if more than one task is performed at a time, then the workload values for the tasks 

are added and could be greater than 7. 
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Figure 7. Detailed workload profile for 18E for programming. 
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Workload for 18E during First Hour of the Operations Mission Segment 
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Figure 9. Detailed workload profile for 18E for operations. 

Workload for 74C during First Hour of the Operations Mission Segment 

w  14 
0) > 12 - 
0) 
_1 10 - 
TJ Ö - 
(0 
O 6 - 

v. 
o 

4 - 
? - 

5 0 | 

0 
C) ■3- to 
CO co 05 
CO CO o 
CO C\l r~- 
CM CO co 

-Visual 

-Auditory 

-Cognitive 

.Psychomotor 

Time of Events in Minutes 

Figure 10. Detailed workload profile for 74C for operations. 

For the programming mission, the workload profiles for the 18E and the 74B are generally 

similar (see Figures 7 and 8). The maximum workload is 7. Since, during the programming 

mission, the crew members do not perform more than one task at a time, the profiles show that 

certain individual tasks are quite demanding. The visual, cognitive, and psychomotor profiles are 

similar, although the 18E does perform a few tasks, such as selecting audio or data mode on the 

audio equipment, which entail mainly visual workload. The tasks performed by two MOSs do 

differ markedly on the auditory profile, however. The 74B tasks do not have any auditory 
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component at all, whereas the 18E tasks performed on the COMSEC equipment have an 

auditory workload component. 

The detailed workload profiles for the three crew members for the first hour of the 

operations mission segment are shown in Figures 9 through 11. (Note that the times on the 

horizontal axis are not uniform but instead represent when events or tasks occurred.) A great 

difference can be seen across the three profiles. The 18E is busy throughout the mission, with 

frequent high peaks in auditory and cognitive workload and frequent moderate peaks in visual and 

psychomotor workload. This is probably a reasonable representation of the 18E workload since 

the JBS (VI) will still have a predominance of radio communications. 

Workload for 74B in the First Hour of the Operations Mission Segment 
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Figure 11. Detailed workload profile for 74B for operations. 

The 74C operations workload profile is marked by fairly constant but moderate cognitive 

activity, with periodic peaks of activity in the visual, cognitive, and psychomotor areas. The 

74B has peaks of workload when performing the system backups and then later when adding or 

updating user addresses, but these tasks are sporadic rather than constant. The 74B does not 

perform the constant vigilance-type tasks such as the monitoring tasks performed by the 18E and 

74C. Also, in the way operations are modeled here, neither the 74C or the 74B ever has a 

workload as high as that experienced by the 18E, who often is performing two or three tasks at a 

time as can be seen by workload values in the 10 to 13 range. 

In summary, the workload profiles for all the mission segments provide descriptions of 

the overall workload requirements of the tasks and also of the timing of the tasks. The detailed 
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profiles provide a "breakdown" of workload as a function of the individual dimensions-visual, 

auditory, cognitive, and psychomotor. The profiles allow the tasks and combinations of tasks of 

the JBS (VI) crew members who contribute the most to workload to be identified. Also, 

potential for task reallocation can be identified. 

Task Accuracy 

In addition to the mission time data and the workload profiles, a closer inspection of the 

underlying task accuracy performance is informative. The nature and structure of the tasks 

performed in the JBS (VI) are such that the most likely consequence of an error is that the error 

will be detected and the task repeated until completed successfully. The primary effect of errors, 

then, is that task times are lengthened. Although accuracy is important for all JBS (VI) missions, 

for the purposes of this analysis, only the programming and the operations mission tasks were 

examined for accuracy. 

For the programming mission, each task is performed just once. Therefore, if 

performance were "perfect," that is, if no tasks had to be repeated to compensate for inaccurate 

performance, then there would be no task repetitions. The percentage of times a task had to be 

repeated, (i.e., the error rate) was calculated for each task and averaged for each of the two MOSs 

who perform the programming mission. The average task error rates are shown in Table 6. 

Table 6 

Average Programming Error Rates for the Two MOSs 

MOS Error rate (percent) 

18E 2.16 
74B 2.82 

This level of performance is certainly within an acceptable level and indicates that some checking 

and repetition of programming tasks are expected. 

For the operations mission, task performance accuracy and error rate were assessed 

differently than for the programming mission. This is because the operations mission called for a 

large number of repetitions for most tasks, for example, monitoring for incoming calls or initiating 
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an outgoing call. Therefore, when reviewing the model output, a task repetition could either be 
because of sub-optimal performance or because it was simply time to perform the task again. 
Therefore, for the operations mission, error rate was assessed by directly tabulating the 
percentage of occurrences that were performed at a sub-optimal level. These figures were 

averaged across tasks for each of the three MOSs and are shown in Table 7. 

Table 7 

Average Operations Error Rates for the Three MOSs 

MOS Error rate (percent) 

18E 6.37 
74B 6.35 
74C 2.45 

These numbers show that the error rate was slightly higher for the 74B and 18E than for 

the 74C. This reflects on the difficulty and complexity of the 74B and 18E tasks compared to 
those of the 74C and therefore, on the need for higher skill levels and training required for those 

two MOSs. 

MOS and Personnel Characteristics 

To better understand the suitability of the 74B MOS being proposed for the JBS (VI), 
additional models runs were completed. In IMPRINT, the baseline model is considered to be the 
average performance expected as a function of an MOS's abilities and the MOS-specific training 
received. In order to assess the potential impact of another MOS performing the tasks assigned 
to the original MOS, the ASVAB aptitude area and cutoff score used for selection into the 
original MOS are changed to match those of the other MOS. IMPRINT then adjusts the average 
task performance time and accuracy, based on the changes in personnel characteristics when going 

from one MOS to the other MOS. 

For each of the programming and operations missions, two additional models were run: 
one with the 74B tasks assigned to the 18E and one with the 74B tasks assigned to the 74C. No 
additional models were run for the setup and tear-down missions because the 74B tasks were 
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essentially manual tasks such as erect camouflage nets, which were already performed by the 

other two MOSs in the JBS (VI) crew. 

The current ASVAB cutoffs for the MOSs in the model are shown in Table 8. (Although 

the 74B is not in the IMPRINT library, the predecessor MOS, the 74F, has the identical ASVAB 

area and cutoff score.) A cutoff score of 100 is equivalent to an Armed Forces Qualification Test 

(AFQT) Category II soldier and a cutoff score of 90 is equivalent to an AFQT Category IIIB 

soldier. 

Table 8 

ASVAB Aptitude Area and Cutoff Scores for the Three MOSs Modeled 
(SC = surveillance and communication, EL = electronic, ST = skilled technical) 

MOS ASVAB aptitude area Cutoff 

18E SC 100 
74B ST 100 
74C EL 90 

For the programming mission, the 74B performs three functions, configure CGS 100, 

configure matrix switch, and program automatic data controller, which together comprise 11 

separate tasks. When those tasks were re-assigned to the 18E, the model predicted overall 

performance to be at the same level as when the tasks were assigned to the 74B; however, when 

those tasks were assigned to the 74C, performance worsened. 

The function-level results for the three MOSs are shown in Table 9. (Data for the 18E 

and 74B are combined because the model predicted no difference.) When performed by the 74C, 

the configure CGS 100 function took only slightly longer on average (about 1%) but was also 

more variable. The range between the minimum and maximum times was about 10 minutes 

greater with the 74C than the 74B, or an increase of about 9% between the fastest possible time 

to perform the function and the longest. The range for the configure matrix switch function was 

also greater when performed by the 74C. Surprisingly, the model predicted a slight decrease in 

range for the program automatic data controller function, although the actual difference is small 

(only 2 minutes). 
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Table 9 

Average or Mean Performance Times and Ranges for the Programming Functions 
for the 74B and for the 18E and 74C when Performing 74B Tasks 

74B&18E 74C 
Programming functions               Mean time Range Mean time Range 

Configure CGS 100 3:10 1:56 3:12 2:06 

Configure matrix switch 0:02 0:01 0:02 0:04 

Program automatic data controller 0:20 0:21 0:20 0:19 

*Data for the 18E and 74B are combined because the model predicted no difference. 
Times are in hours and minutes 

For the operations mission, when the 18E and 74C are substituted for the 74B, there is a 

small effect on the time to complete individual tasks that are performed during the 12-hour shift. 

Compared to the 74B, averaged across all the tasks, the 18E is about 0.5% faster and the 74C is 

about 1% slower. This effect is consistent but probably is not operationally significant. 

With respect to error rates for the operations mission, when compared to the 74B, the 

18E had a slightly lower error rate and the 74C had a slightly higher error rate as shown in Table 

10. The error rates on the individual tasks are also shown in Table 10. The model predicted that 

compared to the 74B, the 18E would have a higher error rate on half the tasks and a lower rate on 

half. The 74C, on the other hand, had a higher rate on all but one task. 

As with the programming model predictions, the predictions for the operations tasks 

show a consistent trend in the relative performance of the three MOSs. This outcome indicates 

that the personnel characteristics and level of AVSAB aptitude area cutoff scores for the 74B and 

18E result in a comparable level of performance. The personnel characteristics and level of 

AVSAB aptitude area cutoff score for the 74C result in a slightly lower level of performance. 
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Table 10 

Operations Mission Error Rates for the Overall Mission and for Specific Tasks 
for the 74B and for the 18E and 74C when Performing 74B Tasks 

Error rate 
74B 18E 74C 

Overall operations performance 6.35* 5.40 7.36 

Operations tasks 
Perform backup & log 14.00 13.50 16.50 

Add new addresses 1.95 2.90 2.12 

Establish/change user privileges 4.30 4.54 6.38 

Fault identification 2.60 1.84 5.39 

Fault isolation 14.68 15.00 16.30 

Fault resolution 2.60 0.84 1.62 

*From Table 7 

SUMMARY AND CONCLUSIONS 

An automation subsystem is incorporated in the JBS (VI) to enhance its capability. 

Because the automation subsystem does not exist in currently fielded base stations, a concern 

was raised regarding its impact on the MOS and quantity of current base station operators. A 

cursory analysis of the automation subsystem tasks revealed that neither the Special Forces 

Communications Sergeant, MOS 18E nor the Record Telecommunications Operator, MOS 74C, 

who operate current base stations, has the necessary training and experience to successfully 

perform the required automation and network management tasks. A review of Army MOSs 

indicated that an Information Systems Operator-Maintainer, MOS 74B, possesses the training 

and qualifications to perform these tasks. Because automation simplifies or eliminates some 

current 74C tasks, it was proposed that one 18E, one 74C, and one 74B be included in the crew 

of the JBS (VI) during each 12-hour shift in lieu of one 18E and two 74Cs who operate current 

base stations. 

IMPRINT modeling was used to assist in determining if a three-person crew consisting of 

one 18E, one 74C, and one 74B is an appropriate crew complement to successfully operate the 

JBS (VI) during a 12-hour shift. The model examined performance by each MOS position in 

terms of task times and accuracy. Accuracy performance, as an indicator of task complexity, was 

further used to assist in assessing the requirement for a 74B to perform the automation and 

network management tasks. IMPRINT modeling also examined the task workload for each crew 
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position which assisted in assessing the appropriate quantity of operators. The model aggregated 

the task level data to provide system level mission performance. 

The model outcomes for time, accuracy, workload, and overall mission performance 

predict that one 18E, one 74C, and one 74B can successfully operate the JBS (VI) during a 12- 

hour shift. The model predictions indicated that the work can be accomplished within expected 

time frames and that workload was at a fairly reasonable level, although some peaks and valleys 

could be examined more closely. Also, the level of complexity of some of the automation tasks 

supports the need for a crew member with 74B aptitude, skills, and most importantly, training 

and experience. While the other MOSs may have some of the underlying aptitude or skills, they 

currently do not receive any of the type of training that would be required. In summary then, 

this modeling effort supports the proposed modification of the base station section of the Special 

Forces Battalion Signal Detachment which now would consist of one 18E supervisor, two 18Es, 

two 74Cs, and two 74Bs. 

RECOMMENDATIONS 

The workload profiles point to some potential task reallocations among operators, which 

could possibly reduce function times or result in more evenly distributed workload. Of course, 

any task reallocations would have to be supported by appropriate cross training. It may be 

useful to closely examine the workload profiles to assist in developing JBS (VI) operating 

procedures. 

An important aspect of fielding the JBS (VI) is the identification of training needs. 

IMPRINT can be used to model the effects of frequency of training on task performance and to 

identify tasks that would benefit highly from sustainment training. 
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Table 2-73Z-3 
Standards of grade TDA—Continued 

Line         Duty position                                 Code Grade Explanatory notes 

5            Sr finance insp NCO                 73Z50 SGM Fid Acty of Hq USAREUR. 

6            Sr res mgf ops NCO                 73Z50 SGM 1. DCSRM of MACOM with Mob Msn. 
2. RMO of Fort Bragg. 
3. Fin and Acctg Div in Hq of 3rd Army. 

Sr finance ops NCO 73Z50 SGM        1. Following elements of USAFAC: 
a. Fin Network Qual Dir. 
b. Fin and Acclg Plans Ofc. 
2. USAG FAO of Forts McPherson, MDW and Panama. 
3. Fin and Acctg Div in Tng Ctr of Forts Benning, Bliss, Dix, Knox, and Leonard 
Wood. 
 4, Fin Sys Gp of Joint Planning Spl Agcy.  

Chief fin corps NCO 73Z50 SGM       As principal NCO in Fin Sen of Fort Ben Harrison. 

2-209. 74B—Information Systems Operator-Analyst (Info 
Sys Opr-Analyst), CMF 74 

a. Major duties. Information systems operator-analyst super- 
vises, installs, operates and performs unit level maintenance on 
multi-functional/multi-user information processing systems, pe- 
ripheral equipment, and associated devices-iTr mobile and fixed facil- 
ities; performs analyst functions; constructs, edits, and tests com- 
puter system programs; conducts data system studies and prepares 
documentation and specifications for proposals; operates and per- 
forms Preventive Maintenance Checks and Services (PMCS) on as- 
signed vehicles and power generators. Duties for MOS 74B at each 
level of skill are: 

(1) MOSC 74B10. Installs, operates, and performs unit mainte- 
nance on multi- functional/multi-user information processing sys- 
tems and peripheral equipment and auxiliary devices. Performs in- 
put/output data control and bulk data storage operations. Transfers 
data between information processing equipment and systems. 
Troubleshoots automation equipment and systems to the degree re- 
quired for isolation of malfunctions to specific hardware or 
software. Restores equipment to operation by replacement of line 
replaceable unit (LRU). Installs, operates, performs strapping, 
restrapping, PMCS and unit level maintenance on COMSEC de- 
vices. Assists in the design, preparation, editing, and testing of com- 
puter programs. Drafts associated technical documentation for pro- 
gram reference and maintenance purposes. Modifies existing 
application packages using application and operating system 
software and appropriate computer language commands and files. 

(2) MOSC 74B20. Configures information processing equipment 
into required operating configurations. Performs senior operator 
and systems administrator duties and unit level maintenance func- 
tions on assigned computer systems. Compiles production report 
data and quality control information. Assists less experienced 
soldiers in the installation, operation, and maintenance of informa- 
tion processing equipment. Writes, analyzes, edits, tests, and modi- 
fies computer programs. Drafts program operation manuals and 
technical program requirements documents. Troubleshoots 
software using established debugging procedures. 

(3) MOSC 74B30. Supervises the deployment, installation, oper- 
ation, and unit level maintenance of multi-functional/multi-user in- 
formation processing systems. Determines requirements, assigns 
duties, and coordinates activities of personnel engaged in informa- 
tion system analysis and maintenance. Develops and administers 
on-site training programs. Compiles output reports in support of 
ADPE operations. Performs system studies using established tech- 
niques to develop new or revised system applications and programs. 
Writes final design programs, operational manuals, procedures, and 
requirements documents. Analyzes telecommunications informa- 
tion management needs. Ensures that spare parts, supplies, and op- 
erating essentials are requisitioned and maintained. Supervises and 
performs maintenance management and administrative duties re- 
lated to facility operations, maintenance, security, and personnel. 

(3) MOSC 74B40. Plans, supervises, coordinates, and provides 
technical assistance for the installation, operation, systems analyst 

functions, unit level maintenance, and management of multi-func- 
tional/ multi-user information processing systems in mobile and 
fixed facilities. Participates in development of the continuity of oper- 
ations plan (COOP), information systems plans (ISP), information 
management plan (IMP), and information management master plan 
(IMMP). Conducts quality assurance of ADPE operations. Con- 
trols production operations in support of command or agency pri- 
orities. Develops and enforces policy and procedures for facility 
management. Develops, directs, and supervises training programs 
to ensure soldier proficiency and career development. Organizes 
work schedules and ensures compliance with directives and policies 
on operations security (OPSEC), signal security (SIGSEC), com- 
munications security (COMSEC), and physical security. Writes 
unit or facility standing operating procedures (SOP). Arranges 
higher level or contractor support maintenance for assigned equip- 
ment. Prepares or supervises the preparation of technical studies, 
evaluations, reports, correspondence, and records pertaining to in- 
formation system operations. Directs high level programming 
projects. Briefs staff and operations personnel on matters pertaining 
to information systems. 

b. Physical demands rating and qualifications for initial award of 
MOS. Information Systems Operator-Analysts must possess the fol- 
lowing qualifications: 

(1) A physical demands rating of very heavy. 
(2) A physical profile of 212221. 
(3) Normal color vision. 
(4) Minimum score of !00 in aptitude area ST. 
(5) A security clearance of SECRET. 
(6) A U.S citizen. 
(7) Be qualified for the Personnel Security and Surety Program 

(PSSP) per AR 380-19. 
(8) Must have passed a course in High School algebra, or at- 

tained a score or 45 or higher on GED test 5, High School level. 
(9) Formal training (completion of MOS 74B Course conducted 

under the auspices of the USA Signal School) mandatory or waiver 
may be granted by Commandant, U.S. Army Signal School, ATTN: 
ATZH-POE, Ft Gordon, GA 30905-5300, or meet the civilian ac- 
quired skills criteria listed in AR 601-210. 

c. Additional skill identifiers. 
(1) H4—Specialized Software Development Programmer (per- 

sonnel only). 
(2) P5—Master Fitness Trainer. 
(3) 2S—Battle Staff Operations. 
(4) 4A—Reclassification Training. 
d. Related civilian occupations. 
(1) DOT classification . 
(a) Computer programmer—030.162-010. 
(b) Programmer-analyst—030.162-014. 
(c) Systems programmer—030.162-022. 
(d) Computer operator—213.362-010. 
(e) Computer peripheral equipment operator—213.382-010. 
(2) Federal civil service classification . 
(a) Computer operation—GS 0332. 
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(b) Computer specialist—GS 0334. 
(c) Computer clerk & assistant—GS 0335. 
(d) Data transcriber—GS 0356. 
(e) Electric accounting machine operation—GS 0359. 
(J) Electric accounting machine project planning—GS 0362. 
e. Physical requirements and standards of grade. Physical re- 

quirements and SG relating to each skill level are listed in the fol- 
lowing tables: 

(1) Table 2-74B-1. Physical requirements. 
(2) Table 2-74B-2. Standards of grade TOE/MTOE. 
(3) Table 2-74B-i. Standards of grade TDA. 

Table 2-74B-1 
Physical requirements 

Skill level Task numbers Tasks 

1,2,3,4,5 1. Frequently lifts 60 pounds. 
2. Occasionally lilts a maximum of 80 pounds. 
3. Must possess finger dexterity in both hands. 
4. Frequently reads complex schematic diagrams. 
5. Frequently writes to keep records, compile data, and perform operational 
duties. 

1,2,3,4,5 

3,4.5 

3,4,5 

Table 2-74B-2 
Standards of grade TOE/MTOE 

Line     Duly position 

Number ol positions* 

1234    5   6769    10 Explanatory notes 

1 Info sys opr-mnt 74B10 PFC 1   1 1 2   2 3 3 3 This pattern will be applied cumulatively to all positions in a paragraph. 

2 Info sys opr-mnt 74B10 SPC 1   1 1   1 2 2   2 2 3 3 

3 Sr info sys opr-mnt 74B20 SGT 1 1   1 1 1   2 2 2 3 

4 Info sys team chief 74B30 SSG 1 1 1    1 1 1 1 

5 Info sys opr-mnt 74B10 PFC 1   1 1 1   2 For CTASC-II operation only. (All teams consist of a seven soldier 
team.) 

6 Info sys opr-mnt 74B10 SPC 1    1 1   1 2 2   2 

7 Sr info sys opr-mnt 74B20 SGT 1 1 1 2   2 

8 Info sys team chief 74B30 SSG 1 1 1    1 

9 ADP security spc 74B10 PFC ADP security team or individual ADP security soldiers. 

10 AOP security spc 74B10 SPC 1 

11 ADP scty team chief 74B30 SSG 1   1   1 

12 JOPS analyst 74B10 PFC For use with SOI N only. 

13 JOPS analyst 74B10 SPC 1   1 

14 JOPS team chief 74B30 SSG 1    1    1 

15 Software analyst 74B10 PFC 1   1 1 1 2   3 3 3 3 Grades of additional positions will be in same pattern. 

16 Software analyst 74B10 SPC 1    1   1 1 2 2   2 3 3 3 

17 Sr software analyst 74B20 SGT 1 1 1    1 1 2 2 

18       Analysis team chief 74B30 SSG 1111112 

19       Sr software analyst 74B20 SGT 1   1   2 For World Wide Military Command and Control System programming 
and analysis positions. 

20 Analysis team chief 74B30 SSG 112   2 

21 Section chief 74B40 SFC 1. To supervise 10 or more software analyst. 
2. As NCOIC of a DOIM when not authorized a Master Sergeant. 
3. Principal information systems NCO in a WWMCCS operations 
branch. 

22 Info sys supervisor 74B40 SFC For supervision ol 10 or more soldiers engaged in computer system 
operations. 
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APPENDIX B 

FUNCTION AND TASK FLOW DIAGRAMS 
FOR THE FOUR JBS VI MISSIONS 
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APPENDIX C 

TASK TIME, ACCURACY, WORKLOAD, AND MOS DATA 
FOR THE FOUR JBS VI MISSIONS 

(all times are expressed in an hour:minute:second format) 
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ADMINISTRATOR 
DEFENSE TECHNICAL INFO CENTER 
ATTN DTICDDA 
8725 JOHN J KINGMAN RD STE 0944 
FTBELVOIR VA 22060-6218 

DIRECTOR 
US ARMY RESEARCH LABORATORY 
ATTN AMSRL CS AL TA 

RECORDS MANAGEMENT 
2800 POWDER MILL RD 
ADELPHIMD 20783-1197 

DIRECTOR 
US ARMY RESEARCH LABORATORY 
ATTN AMSRL CILL 

TECHNICAL LIBRARY 
2800 POWDER MILL RD 
ADELPHIMD 207830-1197 

DIRECTOR 
US ARMY RESEARCH LABORATORY 
ATTN  AMSRL CS AL TP 

TECH PUBLISHING BRANCH 
2800 POWDER MILL RD 
ADELPHIMD 20783-1197 

DIRECTORATE FOR MANPRINT 
ATTN  DAPEMR 
DEPUTY CHIEF OF STAFF PERSONNEL 
300 ARMY PENTAGON 
WASHINGTON DC 20310-0300 

OUSD(A)/DDDR&E(R&A)/E&LS 
PENTAGON ROOM3D129 
WASHINGTON DC 20301-3080 

CODE 1142PS 
OFFICE OF NAVAL RESEARCH 
800 N QUINCY STREET 
ARLINGTON VA   22217-5000 

WALTER REED ARMY INST OF RSCH 
ATTN SGRD UWI C (COL REDMOND) 
WASHINGTON DC 20307-5100 

DR ARTHUR RUBIN 
NATL INST OF STANDARDS & TECH 
BUILDING 226 ROOM A313 
GAITHERSBURG MD 20899 

NO. OF 
COPIES 

1 

ORGANIZATION 

COMMANDER 
US ARMY RESEARCH INSTITUTE 
ATTN   PERIZT(DR E M JOHNSON) 
5001 EISENHOWER AVENUE 
ALEXANDRIA VA  22333-5600 

DEFENSE LOGISTICS STUDIES 
INFORMATION EXCHANGE 

ATTN DIRECTOR DLSIE ATSZ DL 
BLDG 12500 
2401 QUARTERS ROAD 
FORT LEE VA 23801-1705 

DEPUTY COMMANDING GENERAL 
ATTN   EXS(Q) 
MARINE CORPS RD&A COMMAND 
QUANTICO VA 22134 

HEADQUARTERS USATRADOC 
ATTN  ATCD SP 
FORT MONROE VA 23651 

COMMANDER 
USATRADOC 
COMMAND SAFETY OFFICE 
ATTN ATOS (MR PESSAGNO/MR LYNE) 
FORT MONROE VA 23651-5000 

COMMANDER 
US ARMY MATERIEL COMMAND 
ATTN   AMCAM 
5001 EISENHOWER AVENUE 
ALEXANDRIA VA 22333-0001 

DIRECTOR TDAD  DCST 
ATTN  ATTG C 
BLDG 161 
FORT MONROE VA 23651-5000 

COMMANDER 
USA OPERATIONAL TEST & EVAL AGENCY 
ATTN    CSTE TSM 
4501 FORD AVE 
ALEXANDRIA  VA 22302-1458 

HQ USAMRDC 
ATTN    SGRD PLC 
FORTDETRICK MD 21701 

COMMANDER 
USA AEROMEDICAL RESEARCH LAB 
ATTN   LIBRARY 
FORTRUCKER AL 36362-5292 
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AIR FORCE FLIGHT DYNAMICS LAB 
ATTN  AFWAL/FIES/SURVIAC 
WRIGHT PATTERSON AFB  OH 45433 
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US ARMY TROOP SUPPORT CMD 
NATICK RD&E CENTER 
ATTN BEHAVIORAL SCI DIV SSD 
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NATICK RD&E CENTER 
ATTN TECH LIBRARY (STRNC MIL) 
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LOCKHEED SANDERS INC 
BOXMER24 1583 
NASHUA NH 03061-0868 

USAF ARMSTRONG LAB/CFTO 
ATTN DR F WESLEY BAUMGARDNER 
SUSTAINED OPERATIONS BRANCH 
BROOKS AFB TX 78235-5000 

NO. OF 
COPIES 

1 

AFHRL/PRTS 
BROOKS AFB TX 78235-5601 

DR JON FALLESEN 
ARI FIELD UNIT 
PO BOX 3407 
FORT LEAVENWORTH KS 66027-0347 

COMMANDER 
USAMC LOGISTICS SUPPORT ACTIVITY 
ATTN AMXLSAE 
REDSTONE ARSENAL AL 35898-7466 

ARI FIELD UNIT FORT KNOX 
BUILDING 2423 PERI IK 
FORT KNOX KY 40121-5620 

COMMANDANT 
USA ARTILLERY & MISSILE SCHOOL 
ATTN   USAAMS TECH LIBRARY 
FORT SILL OK 73503 

ORGANIZATION 

COMMANDER 
WHITE SANDS MISSILE RANGE 
ATTN   TECHNICAL LIBRARY 
WHITE SANDS MISSILE RANGE NM 

88002 

USA TRADOC ANALYSIS COMMAND 
ATTN ATRC WSR (D ANGUIANO) 
WHITE SANDS MISSILE RANGE NM 

88002-5502 

STRICOM 
12350 RESEARCH PARKWAY 
ORLANDO FL 32826-3276 

COMMANDER 
USA TANK-AUTOMOTIVE R&D CENTER 
ATTN    AMSTA RS/D REES 
WARREN MI 48090 

COMMANDER 
USA TANK-AUTOMOTIVE R&D CENTER 
ATTN    AMSTA TSL (TECH LIBRARY) 
WARREN MI 48397-5000 

INSTITUTE FOR DEFENSE ANALYSES 
ATTN DR JESSE ORLANSKY 
1801 N BEAUREGARD STREET 
ALEXANDRIA VA 22311 

GOVT PUBLICATIONS LIBRARY 
409 WILSON M 
UNIVERSITY OF MINNESOTA 
MINNEAPOLIS MN 55455 

DR RICHARD PEW 
BBN SYSTEMS AND TECH CORP 
10 MOULTON STREET 
CAMBRIDGE MA 02138 

DR HARVEY A TAUB 
RSCH SECTION PSYCH SECTION 
VETERANS ADMIN HOSPITAL 
IRVING AVENUE & UNIVERSITY PLACE 
SYRACUSE NY 13210 

DR ANTHONY DEBONS 
IDIS UNIVERSITY OF PITTSBURGH 
PITTSBURGH PA   15260 

MRRBEGGS 
BOEING-HELICOPTER CO 
P30-18 
PO BOX 16858 
PHILADELPHIA PA 19142 
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DR ROBERT KENNEDY 
ESSEX CORPORATION SUITE 227 
1040 WOODCOCK ROAD 
ORLANDO FL 32803 

DR NANCY ANDERSON 
DEPARTMENT OF PSYCHOLOGY 
UNIVERSITY OF MARYLAND 
COLLEGE PARK MD 20742 

MR LARRY W AVERY 
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